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(1)  PACKGROUMD

The cbjectives of the present program have bsen ¢ths devslopment

of techniques for tha growth of single cxystals of beryiliur

oxtide suiteble for uvsa in microslectronic apylications, und the precise
deternination of thair mechanical, thermal and dielsctric prcpezties.

The single crystal growth portion of tne program has had as its

main objective the perfection of techniques for xeproducibily

growing platelist type crystals of controilable high rurity and aminimum
si.rface contamination gnd imperfections.

The thermnl and dielectric properties of polycrystalline BeO are

well known as well as the basic crystul stiucture of the materizl.
Saveral investigators havs reported on the plezosieciric and ferro-

e ectric propertiss of BeO. The testing portion of thie progzam has
t.ad a8 its main ohjective the precise determination 2 the anisctropic
characteristics of single crystal BeO as evidenood by the orientemti.
sensitivity of the dielectric and thermal conducting propertiesn.




Task A - Bingle Cryetal Grovh

¥he nucleation and growth of pure, single crystals of BeO has besen
attemptad in two completely different anvironments. The fist of these
is by the water-vapor trensport metiod whexe use iz mmde OL & puie

B20 system wherein polycrystalline BeO is both the nutrient meterial
and seeding material. The seccond techaique is by arystallizstion

of BeC from alkali molybdate. o

1. Water-Vspop Tracsporf Method -

Growth by the watsr-vapor transport method has been the mcet succesaful
method of preparing single crystals of BeO., The sxperinents performsd
during the period are cutlined ia Tuble X, Cxystals grown by this
technique have bsen hexsgonal in cross-section with average diameters
of 0,050 - 0.060" and many crystals up to 0.175° dismeterx. Chemical
purity of these crystals is better than 99.9%. Surface impurities
constitute pzarly all of the contaminatica. Ths rain sources of
contamination are in the incomiig carrier gas containing reactivs
steam, »ad in the nutrient BeO materisls. The reaction chambex is

made of all BeO but there is still possibiiity of contaminating
materials Leing released from the chanber wells as a re~mlt of
corrosive attack by weter vapor. The pressnce of vapor phase contaninants
in the chamber may be strongly affecting the size to which a crystal
may grow. B8urface comtamination of a growing cxystal could be
sufficient to upset the thermodynamis conditicas ccaducive to

continue growth. The presence cf this comtamination on the surface

can then pzcvent continued growth by not sffoxding an effective
nocleation ackivity. Some svidence has been seon supporting this

typs of reascn. :

During this period several experiments have heen run wherc the seed
plates were pre-tresated with hydrofltoric and hydrofluoroeilicic
acids. Crystal nucleation wis greater in ths regions tzeated with
hydrofluoric acid, and less in regions treated with hydrofluvcrosilicic
acid. This dirference ir believed to be due to the leaching out of
impurities from the szface of the seed plate, and can be considered
similar to the diffocent nucleation/growth potanciuls at the surface
of growing and contaminated crystals. This sinilarity and knowledge
of the role «f impurities in the flux growth metkod and in the.
evaporation-condensation procece point up quite strongly the need for
cbserving the controls sst forth in previous rsports and especially
those periaining to the purity of the system. '
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2.__Solution Growth Experimants

Prelinminary experimental xuns were mads wit.a the gxutinum~vound
furrace. At temperatures in the vwicinity of J375°C a reaction
nccurred betwesn the platinum winding and the Al,03 muffle. Aftsx
several attempts to make use of the platinum-wor 3 furnace, it
became evident that the present system was not compatible with the
MoO; vapnrs above the golution. A second solution growth furnace
was constructed using @lcbar heating elements and an Al203 muffle.
The furnace was calibrated in the temperature range 1300 - 1500°,
and several solubility experiments were run to determine the best
opexating conditicns and growth paramsters. Table II lists

these exparimental runs and their results. Use has been made of
both LizMoO4 and LizMo,07 with NMoO3 and spherical Be0 powder (-325
mash)., Results to date indicate that LijMoO4 with excsss 003

{s better then Li2N0209 with excess MoC3. It is almo indicated that
the LizMo04 made from LiC€ amd MoO3 was l.etter thsn the commayx =ially
available LijMoO,3 the reason probably being asscciated with the
17.2% excess Lio0 present in the ccmmercially available matexial.

Data indicste that at 1458°C approximetely 0.25 mole of BeO muy be
dismolved in LizMoO4:1.25 Mov3. Crystallization of BeO microcxystals
was accomplished at 14259C after a mixture of LigMoO4. MoO3 and

Bed (Molar ratio 111.2510.5, respectively) was heated to 14558°¢

for a period of 3¢ hours then held at 1425°%C for 48 hours. These
crystals were no more than 0.005 - 0.010" ir crosr section but
displayed many of the physical cheracteristics ar - iated with
crystals grown Z£rom alkali molylhdate solutions by .cher investigators.

The ' identifying characteristics include complete transparency,
hexagonal cross-section, and hemi-pyramidal growths from the basal
surface. Growth rates have been resported in the vicinity of

3.001" per day. Growth rates with LijMoO4 made up by Mational
Beryllia appear to be somewhat faster and continued e®forts will Le
directed toward perfaection of the procees to produce lsxger crystals
faster.

For better control and fuster growth, an artificial temperatuxe
oradient has been built into the system using BeO heat sink blocks

and BeO rod (1/4® . 1® x 3 1/4°) between the heat sink and the
platinum xeaction crucible. With this set of conditions it is
possible to maintain a temperature of 1455°C on the platinum

crucible and 1325°C on the heat sink end of the heat transfer rod.

One additional heat transfer rod will be introduced between the melt
and the heat aink to complete the necessary artificial gradient. This
design offers the possibility cf recuring a definite and controllable
thermal extraction area.
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TABLE IX

SAUTION GROWTH BXPERINENIE

Solution Crystallization

Purnac.. Chargs

LizMo0, (RBC) sBeC
1 3 2

LiMOO4 {(KBC) 1Be0
- t 2

LighOO4(NBC):BOO:HOO3
23 2

Li Mo2041M00y 1 B0

1 31,25: 1

Lif‘o:o-, :Ba0
3095

Lignoo‘ {NBC) lNOOatB.O
$1.2540.5

L12M004(Hhc)aM0031300
1102530 )

Remp.

Time Temp. Time

1425°C 24 hre.1400°C 36hrs.

1495°% 24hrs.

1460°% 36hzs.

1460°C 24hrs.

1460° 36brs.

1466° 36hrs.

1455°C 36hzrs.

1400°% 48hrs.

14409 36hxs.

1440°C 24 hrs.

1440° 72hrs.

1445°%C 4ahrs.

1425°% 4ehrs.

Resuits
Undissolved

Partially disaolved.
Ho crystallization.

BsO partially dias-~
nolved .Bome rejeoc-
tion of very small
BeO cxrystals.

Disgolored-S8ome
dissolution.MNo
crystsllisation.

Partially diazsolved
Mo oxystallisation.

Mostly dissolved.
8light cxyotalliza~-
tion.

Mostly dissclved.
Crystmllization of
smzll BeO platelets

long.




FIGURE 1
PHOTOMICROGRAPHS OF MICROCRYSTALS
FROM SOLUTION GROWTH LXPERIMENTS
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Zask B - vielectric, Optical and Thogmal Fropexrcies

i. Dieiectric Propertias

During this report’ny pericd censiderable uvie has been made of the
General Ra“io Model 10152 capecitance bridge asasenbly with the BeO
czvstal dielectric sample holder No. . and No. 2 described in
previous reports.

Trguius 2 aad 3 rivw a niot of capacitsnce as a function of distance
between electroces for sample holdarxrs 1 and 2. These Jata wera usec
in calibration of the uawple holdezz with and without concentric
metal shields. It was found that metal shields were not necessary
&nd, in fact, lad to misinterpretation of dates. The small uiameter
of the shield introduced error inte the gystemx thrcough tine added
niyu lead-to-shield cepacitance. Data gained on both sample holdexs
withcut 2 shield was nozre reliable, xealistic arnZ iepi~ducible.

In the cage of the sample heolder No. 2, the design of the holder
itseli afforde suific +nt shieldiny excopt in a2 case where a2
flucrescent loop lighi is opersted very closas to the test appaxatus.
In this case the 60 cycle pickup by the Lridgye asserbly asppears to
have a greater effsct on the reazdings than nample inierference.
Capacitance yeadings ghown in Pelles IIX snd IV are reépresentative
of the capacitance .£ theoxiplete Lolder, which should remain
const-nt und the varyiny capasitance of the air yap. The cocamposite
capacitance is showmn as & function of the electrode spacing. The
¢ifference in sample holder nnit capacitance aceourts for the
difference in capacituance readings for the two holders with the

same electrode sprcing. One a’ditional zlteration wes necessary

to improve the quality of the zxsadinys. This involved the reworkiuy
af the grcund slectrxode to produce twx squaol diametsr electrode
points, and prevented the inclueion of atray capacitence raad’!=gs
axound the edyes of the ReO crystals (Figuxe 4).

Preliminary calirration of the unit using sample specimens of
polycrystalline Be0O betwesn 0,092% and 0.012” thick was completed
prior to initisting tests on sinyle crystals. Data gained from

this calibration - standardization poxtion of the program nointed

up several important facts useful in loter testing of single crystasla.

Dielectric measurerents on single crystal platelets of BPeO were first
made using two electrodes of different cross-sectional areas. The
high lead waa 0.050% diamseter with & low angle tapers: the ground
electrode was a pedestal of uniform 0,190° dismeter. The single
crystal samples were positioned between the unit electrodes with
gilver peate squeazad into surfsce-~conforming elactrodes in contact
with Loth faces of the cyystal. Capacitance readings were taken and
the 2lectrode arear weYe nsasuirsd, Severadl {aults were found with
this tyre of sat ~un.
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PABLE IZX
CALIBRATION DATM POR DI?LECTRIC
SANPLE HOLDER MO,1
Flectrode Ppacing Frequency Cappeitince Dissipatjon Factor

0.00157 i K U.£700 0.0020
C.0025% iKe 08600 0.0090
0.007 1 xc 0.8140 0.009

0,010 1 KC 0.8050 0.004

0.015 1 xc 0.7850 0.0057
0.620 1 KC 0.7770 0.0099
0.025 1K 0.7700 0.0096
0.031 1 X 0.7630 0.0095
0.035 1xC 0.7530 ¢.0090
0.0915 1 X 0.8630 0.0094
0.0025 'K 0.8340 0.0080
0.007 1 k& 0.8330 ¢.0090
0.010 1l KC 0.8200 0.00980
0.015 1l xRC 0.8060 0.0090
9.020 1 KC 0.7550 0.0080
0.025 1 ke 0.7840 0.0080
0,031 1 KC 0.7640 0.0090
0.035 1 xC 0.7590 0.0097




CALIBRRATION DATA FOR DIRLECTRIC
SAMPLE HQLDER RO, 2 WITH EQUAL -
AREA _EI.LCTROLDES AND MO SHIELD

Blectrode Svecing Fracuency . Capacitance Disgipation Fagtor
0,0005" 1 Xc 17.5740 0.0020
0.0005* 5 XC 17.5%619 0.0055
0.3005° 10 RC 17.5770 0.0100
0.0067" i¥c 17.5100 0.0020
0.0007" 5 KC 17.4540 0.0055
0.0007" 10 KO 17.5150 0.0100
0.0003" 1 KC 17,4649 0.0020
0.U0C2" 5 KC 17.4500 0.0055
0.0009" 10 KC 17.4680 0,0100
0,0011" 1 KC 17,4310 0.0020
0.0011° 5 KC 17.417¢C 0,0055
0,0013" 10 XC 17.4340 0.9100
n,012% 1 RC 17.4040 0.0020
0.013" 5 KC 17.3890 0,0055
0.013* 10 KC 17.4080 0.0100
0.0015"* 1 XC 17.3800 0.0020
0.0015" 5 ..C 17,3660 0.0055
0.0015" 10 XC 17.3850 0.0100
0.018" 1 KC 17.3570 0.0020
0.018* 5 KC 1..3440 0.0055

0.018" 10 KC 17..520 0.0100




FIGURE 4
PHOTO OF SAMPLE HOLDER NO.

FI.URE 5
PHOTO OF ELECTRODE ASSEMBLY
OF SAMPLE HOLDER NO. 2

2




{a' Memsuremen:s of exzct argas of contact were very poor due
to size and irreqgulazity of =bape.

{(b) silver pustes {#nd other pastes) do not conatit:ite pure
metallic electrodes and the contaminants presen% contribute
to the total capacitancs of the systen,

{(c) As the thicknear of the silver paste electrodes varied,
the high lesad~to-gr-und stray capacitance varied and was
not measureai ‘e ,

(d) Handling of crystals and application of pressure wexe
very difficult and in many csses resulted in dammge to the
crystal.

Pollowing alteratiuns in unit slectrode Gesign eng
following procedure was used in measuring rlielectric
properties of single crystal BesO platelets.

{(a) S8pecimen was selected with hexagonal cross-sac-ion and
) surface fres of spuriocus growths and othisr imperfections.

(b} 7Two tin foil electrodes of 0.050" diameter cross-section
wure fabricated betwean high lead and ground electxodes of
equal cross-section.

{c) Rurfaces of tin £7i1 electrodes were treated with veseline,
and electrodes were positioned on unit electrode tips.

(d) 8ingle crystal platclet was positioned on foil on ground
electrode and high lead elsctrode was brought in contact
using micrometer advance.

(@) Capacitance meacuremcnits were made with ceveral different
elactrode conizct prassures.

(£} Sinjle crystal specimen was removed to metalloyraph for
exact measurement of thicknesas.

Table V ligts some of the diclectric test data fo:r single crystal

BeO platelets. BAll measureaents wexe made parallel to the ~<=-axis,
Polycxystalline BeO has a dielectric constant of 6.3. Saimle holdex

No. 2 was calibrated and standardized with thin - fers of polycrystallinc
Be0O produced by cold~pressing and sinterirg, and by hot-pressing
techniques.




st wre of e has been well esteblished as a éi--
g _rusture.? Plezoelectric chazacteristics have been
ifentifiel znd are cimilar to what one Would predict based on the
crystal structure and hemi-pyramicdal cxrystal characteristics and

the phyeical responce

dielectiic progerities of BeO follow two general trains of thought.

One lirc of thcught would predict deviation of the dielectric constant
for single crystal material from the average value for polycrvstalline
wteuial tesed on the relative inter~atomic distances in the “c*

and "a* ¢irections. Cell constants have been determined by x-xay
enalysis as ag = 2.7979 + 0.0002 R, and co = 4.3772 £ 0.0002 &,

cfa = 1,(3. Ancther line of thought would predict this deviatioen
Lased up:z: the relative interplanar distances and the bond distances,
In this ccse the Be-d hond distance parallsl to ths c-axis is

1.6598, 2nd the Se~C hond distance at 108°47° from the c-axis

is 1.645%.

Lexagonnl 2L

£ one conciders only the cell constante (c/a ratio of 1.63) he
could expect thet the dielectric constant in the "c® direction
should be less than 5.3, and in the "a" direction should e more
than 6.3.

Using the same inter-electron effectiveness reasoning, but considering
the interplanar as well as the inter-atomic distances between
dissimilar atoms ore could expect that the dielectric constant in

the "c” direction should be more than 6.3, and in the “a" direction
should be less thar 5.3. Interplanar distances are 1.6593. and 0,52978.
interatorjc distance between dissimilar atoms cn a planar projection

iz 1.5574A.

Data listed in Table V indicate that the dielsctric constant measured
in the "c®™ direction is less than that of polycrystalline BeO.

1f this data, and the interpretation thereof, is correct, the

first line of thought licted above would govern the relationship
between dielectric properties in different crystal dirsctions.

However, 1f the data is not coxrrectly interpreted, (that is, if the
effest of the vaseline is greater than aliowed) the dielectric
constant in the "c* direction would be greater than for polycrystalline
BeO and the alternate line of reasoning would better describe the
anisotropic character of the dielectzic properties.

*Smith D. K., MNewkirk, H. W., Kaha, J. 8., Lawrence Radiation
T2k, "Niveriored) Rpt. W-7405 -eng-18, 4 Oc*, 1962.

to chemival stching: Predictions on the anisotropic



TABIE V

DIELECTRIC TEST DATA FOR 8 CRYSTAL

e fy

Identity Thickness V4 24 <X Xxequency K
CPIX 2 0.001" 1,965 0.441 2,4000 1 KC 95.45
2.3190 10 xC 5.28

2.6840 1K 6.09

2,6310 5 RC 5.98

2.6790 10 KC 6.09

CPIX 14 0.0018*  1.09 0.2449  1,2220 1 KC 5.0
1.2770 5 XC 5.25

1.2970 10 x¢ 5.32

1.2910 1 KC 5.29

1.3290 '8 K 5.44

1.3440 10 XC .51

CP11 15 0.0012°  1.64 0.367  1.6745 1 KC 4,56
1.6920 5 KC 4.61

1.6990 10 KC 4.64
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2, Optical and Thezmal Propextiss

Work conducted under this portion of the contract during this pexiod
was devoted mainly to the investigation of techniques for exact
determination of thermal conductivity of single crystal platelets
of BeO using the facilities of Queens Laboratory Inec.. Bdison,

New Jersey. A complete repor:t of this work is included as Appendix
A to this report

(3) _PLAMB POR REXT REPORTING PERIOD

During the next reporting period work will continue on the solution
growth portion of Task A. A concerted effort will be made to produce
single crystal BeO by this method of sufficient size for comparative
testing with crystals grown by the water-vapor transport method.
Determinations will be made of chemical purity of solution grown
crystals by x-ray and apectrographic technigques. Optical goniometric
techniques will be employed as a means of primary identification and
classification of crystals, taking sadvantzge of the transparency and
birefringence of BeO. Dielectric property data accumlation will
continue and will include measurcment of dielectric constant,
dissipation factor, and resistivity. It is anticipated that preliminazy
data relative to the anisotropic charscteristics of thermal conductivity
of BeO will be availadble.

J4 5 ‘ sonne

During the reporting period the following National Baryllia Corpora-
tion personnel participated in the programs, Dr. B. Ryshkowitch,
Po 8. &lllngot. R. !‘0 ‘h.mtt. K. 'W. aM GoA hmnto

Report Prepared by /
. Ro. L. Sharkitt

, ’ ¢
Report Approved by Z‘?f”"" ,f)j‘ BCrrton,

Dr. ‘8. Ryshkewitch
Dirxector of Reseaxch

(2 S. 4@,&*},3:
P. 8. Hessinger
Project Manager
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REPCKT UM STURIES CF MEASURCMENT OF THERMAL DIFFUSIVITY

Cetober 15, 1963

INTRCDUCT ION

The method is bssed on the following considerations., A Leam
of radiation 1s allowed to fall on one side of a tiin plate where it .s
partiallvy or cowpletely absorbed. It is conducted throuch to the cther
side and the ccnducting wuve is reflected back and forth. 1In order to
make a dynamic method the incoming beam is interrupted at an adjustable
frequency so that the signal which is recorded is an A.C. signal. The
method involves measurement of the amplitude of thermal variation st the

two faces after equilibrium has been set up.

Figure i shows the curve on which the methed is based., Com=
plete details of the caiculatien will be given in the final report. The
vequency will be changed throuch such a range that Jﬁ- O veries
from about-]E; to TT . which means that the freguency 1s veried by a

factor of 170 during any one run, The variation of the ratio of the

temperature amplitude on the two faces cf the sample over thia frequency

range should allow determination of the diffusivity.

TEMPERATRE MEASUREMENT

The tirst method tried to measure the surface temperature was
to sputter a thermocouple on 2 microscope slide. OGre half of vre face
was srutterec witn platinum and the other half with silver. These
metals were chosen first not becsuse of a larce e.mn.f., but because of

ready availabllity and ease of sputtering. Wwith such a thermoccuple




—a D o

on one face of a slide it was rossible to measure, using a tyre K
potentiometer and a D.C. amplifier, the temperature fluctuation when

8 rediant heat heam was interrupted up te 30 times per second.




e W mwas .

LR
)

¢

1
12

%

SIS

] 4 - T

r;l.o.o_'...r}ﬁ\l.A.l.
i .

b
B e I

';.‘...

A SR SN A S

PR PN QUL W

d.i

o
-t s e
v

'.‘4
!‘i:.&

-
1
©

r

i

[

'm'&w

‘ ..‘.~_.;_.-;
‘,._.rA,Jz_m —_—

J—

T
i b .
r ! w
N : - - 1»
[ : ! ! :
Cde e e e tT T
o ! 1"
S S SN NS TUN NNEUN SOOI
1R i S
S P R o = e pemmeg e eed e
o ! [
i S S S SO SO
! o
! ; : '
: 5 [ R ; -+
v . ; 4
e e b e
T iy
. i
S E— : ——
i X H i
[ i ot -
S o - 1

i

H . i
N

. ] Il

L ;
chod e N

D |

i Iuix/

1 .
i . :
——— e e —de— — -

f
S
!
L !
FE i
it SECTEES —.l
o
o — o}
t

SSSENEND I S S

|

b e m e

'
_

i A &

N S ” :
. Ll--r,-

PR S

1 +
- b = ——
T
! : ! p
: 1 i ~
! 4 H
Sl eed -, ,

!

[ R
: e

i

'

H

l!.ﬁfé
‘i

1“ th\:a\_mx.

+
; :
{ i
e b g
; ;
1 N
; :
t- .-
: ! ;
i 3
L}
' i .
- ! . f -
:

ey

i
!

{ @

liw ..._:! T ..ix.,.ux? J.J ﬂ .\.W

m H “ ~ .7'
_ AR A R N
oo B e !-»s...m
{ SR ;

-



REPURT Ol STUDIES OF MEASUREMENT OF THERMAL DIFFUSIVITY

November 15, 1963

During this period the work was concentrated laroely on
methicds of measurement of surface temperature. Thermocouples of several
corbinations of metals sputtered on to a ¢lass slide were triec with
varying degrees of succees. However, it appeared that ketter results
could be ovbtained by measuring the resistance of a platinum coating
gputtered on the surface, The circult used is shown in Fia. 2. The
resistance R is chosen to have ebout the same resistance as the costing

o the slide.

The first coating, sputtered on with a mask provided a back
and forth pattern on the slide giving a total resistance of about 40C0
chms. Tnis has the disadvantage that the surface of the sample is not
opaque. Any visible or near infrared radiation goes through (rot by cone
duction) to the back of the sample. The calculated curve is based on

cocnduction aione.

A ¢2cord slide was prepared with 8 platinum coating all over,
thus preventing direct passage of radiation. This had a resistance of
80 ohms, which is .n a quite usable range. At frequencies of zbout 30

cycles, readings have been obtained on both sides of a microscope slice.

Some difficulty encounted in plckup of stray 60 cycle signals

was overcome by the usc of a tuneable twin«T filter network between the
amplifier and the oscilloscope. This allows pickup=free signal from the

sample to be observed.
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It 1s now planned to make determinations of diffusivity on
‘variéu; samples of incressing conductivity ard decreasing thickness

leadirn up to sampies of berylliium oxide single crvstals,
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